Abstract -Understanding the impact of bottom-fishing gears at various scales and intensities on habitats and species is necessary to inform management. In Poole Harbour, UK, a multiple use marine protected area, fishermen utilise a unique "pump-scoop" dredge to harvest the introduced Manila clam Ruditapes philippinarum. Managers need to balance the socio-economic benefits of the fishery with ecological concerns across the region, which has required a revision of by-laws that include both spatial and temporal measures. Within an operational fishery, we used a Before-After-Control-Impact sampling design to assess the impacts of pump-scoop dredging on benthic physical characteristics and community structure in an area where there was no dredging, an area newly opened to dredging and an area subject to high levels of historic dredging. A sampling grid was used in each area to best capture any fishing effort in the newly opened area. Core samples were taken to a depth of 30 cm within intertidal mudflats. A significant loss of fine sediments was observed in the site subject to high intensity dredging and a significant change in community structure also occurred in both dredged sites throughout the study period. In the newly opened site this was characterised by a relative increase in species richness, including increased abundance of annelid worms, notably Hediste diversicolor and Aphelochaeta marioni and a decline in the abundance of the bivalve mollusc Abra tenuis. These changes, albeit relatively small, are attributed to physical disturbance as a direct result of pump-scoop dredging, although no difference in the classification of the biotope of the site was observed. This is of particular interest to managers monitoring site condition within areas under the new bylaws as the Manila clam is spreading to other protected estuaries in the region.
Introduction
In the marine environment the use of bottom-fishing gears is one of the largest sources of anthropogenic disturbance on habitats and species (Dayton et al., 1995; Collie et al., 2000; Kaiser et al., 2006; Martín et al., 2015) . However the types of gear employed may vary greatly at local and regional scales, depending on the target species and local physical environment. The increasing introduction of non-native marine species is generally seen as a threat to biosecurity and nature conservation interests (Meyerson & Reaser, 2002; Bax et al., 2003; Molnar et al., 2008 ), yet harvestable populations of significant commercial value can emerge that can lead to development of novel fishing techniques by local fishermen (Pranovi et al., 2004) . While the impacts of bottom-fishing overall are well understood (Dayton et al., 1995; Collie et al., 2000; Kaiser et al., 2006) , it is important to consider the risks of such new or novel gear types where they arise and whether their impacts differ from more established and common fishing gears.
The Manila clam Ruditapes phillipinarum (Adams and Reeve, 1850) (genus synonyms: Venerupis, Tapes) has spread throughout Europe in recent decades and is harvested recreationally and commercially (Pranovi et al., 2004; Beck et al., 2015; Mosbahi et al., 2016) . The species was introduced to a number of locations in the United Kingdom in the early 1980s with the intentions of establishing commercial aquaculture including Poole Harbour on the south coast of the UK (Utting and Spencer, 1991; Britton, 1991; Humphreys et al., 2015) . It has since become naturalised in Poole Harbour and has been exploited under a licensed fishery using a "pumpscoop" dredge (Jensen et al., 2005; Humphreys et al., 2015) since 1994 (Jensen et al., 2005) . The fishery is of significant regional economic importance, with a peak annual value in 2004 of around £1.5 million (Franklin et al., 2012) . Pumpscoop dredges are relatively small (46 Â 46 Â 30 cm) and penetrate the sediment to a depth of a few centimetres. This method of harvesting is currently unique to this location, and utilises a water pump powered by the vessel's engine to rinse sediment through the rear of the dredge basket as it is towed alongside the vessel (Fig. 1a) . This type of dredge is distinct from hydraulic or suction dredges that fluidise the sediment in front of the dredge, and was developed by local fishermen as an improvement to the previously used hand-held clam "scoop", which is a physically demanding gear (Jensen et al., 2005) . The dredge is worked on shallow drafted vessels less than 10m in length within intertidal and shallow subtidal areas of mud and sandy mud. The common cockle Cerastoderma edule is also harvested using the pump-scoop dredge method, although to a lesser extent than R. philippinarum (cockle landings are~5% of clam landings. At low tide, extensive dredge scars in a spiral pattern are visible that resemble rounded troughs (Fig. 1b) , indicating the vessel movements (Parker and Pinn, 2005; Fearnley et al., 2013) . Previous work on the impact of these gears is limited; however there are concerns that they may affect benthic communities, reducing species richness and abundance (Parker and Pinn, 2005) .
In protected areas, fisheries and environmental managers must assess and monitor habitat condition to ensure sustainable development and inform management. This study assessed the impacts of pump-scoop dredging through analysis of the biological assemblage and physical characteristics within areas subject to different fishing intensities, therefore contributing to the limited evidence of the environmental impacts of this gear type. We achieved this by answering the following research questions: How does short-term pump-scoop dredging affect macrobenthic communities compared to an un-dredged control area? How does pump-scoop dredging affect the physical benthic environment and sediment characteristics compared to an un-dredged control area? If any, what changes in macrobenthic community structure and biotope characterise these impacts?
2 Materials and methods
Study area
Poole Harbour is located in Dorset on the south coast of England (Fig. 2) and comprises extensive areas of mudflats, sandflats and saltmarsh. The harbour covers an area of 36 000 km 2 at high tide, and is micro-tidal, with a range of 1.8 m on spring tides and 0.6 m on neap tides (Humphreys, 2005) . Poole Harbour experiences two high tides a day, with a relatively long slack water period at high tide that results in a water level above that of mean tide level for the majority of the day (Humphreys, 2005) . The Harbour is designated for its conservation importance as a European Marine Site (EMS) (European Birds Directive 79/409/EEC) and Ramsar site. From September, large numbers (>25 000) of migratory waterfowl arrive in the harbour to feed and over-winter.
Due to a historic prevalence of illegal fishing and high risk of disturbance to protected feeding areas for over-wintering birds, a new permit system came into force in the harbour in 2015, replacing the previous management regime under a new by-law. This by-law restricts the use of a dredge to an open season that runs from May to December annually and within spatial restrictions, while attempting to ensure a viable fishery, and since its implementation has achieved high compliance and reduced illegal poaching. Under this new management regime, some areas of the harbour designated as "bird sensitive areas" (BSA) for overwintering waders and waterfowl that had previously been closed to fishing activity were opened to clam dredging from 1st July to 31st October. The changes in the management measures in the study area under the by-law are summarised in Table 1 . Other bird sensitive areas in the harbour now remain closed to dredging all year round. Monitoring of impacts is critical within an adaptive management process, and the opening of these areas provided opportunity for the local fisheries authority to study the effects of pump-scoop dredging on littoral soft-sediment habitats and in relation to the new management measures.
The study area (Fig. 2) is a relatively sheltered intertidal channel of reduced salinity influenced by the Rivers Corfe and Jensen et al. (2005) and Footprint Ecology Ltd. (Fearnley et al., 2013) respectively. No scale bar was included in original publication, although the circular scars generally range from 5-15 m across.
Frome at the uppermost extent of the channel. Environmental data across the site was extracted from a validated tidal flow model of Poole Harbour that predicts environmental changes throughout the harbour over two spring and neap tide cycles (HR Wallingford, 2004; Herbert et al., 2012) . Light Detection and Ranging (LiDAR) data indicate that elevation is within 0-2 m above chart datum throughout the study area. Existing bathymetric data used in the tidal flow model (HR Wallingford, 2004 ) indicate a range of 0.48 m in mean elevation (metres above chart datum) across the different dredge management areas within the study site. The site is of reduced salinity, with mean median salinity values extracted from the model within 27.3-27.4 ppt across all dredge management areas. Mean maximum velocities range from 0.13 to 0.25 m/s across the management areas.
The intertidal assemblages in this region of the harbour are largely dominated by the polychaete Hediste diversicolor and the bivalve Macoma balthica in littoral sandy mud (Herbert et al., 2010) . The locations of each area are indicated in Figure 2 . Although dredging occurs throughout the harbour (subject to spatial restrictions) this site was chosen for the study as it provides three areas under different management regimes in close proximity of one another, easily sampled within the time and budget constraints of the project.
Sampling
Sampling followed a before-after-control-impact (BACI) design, in relation to the four month open season within the BSA, which is widely used in assessing environmental impacts (Underwood, 1993) . The design allows for the detection of any changes relative to spatial and temporal variation associated with the opening of the area to dredging. The magnitude of any effect relative to the control area is therefore of greatest interest.
This enabled a comparison of the impact of pump-scoop dredging in an area that had previously been closed (newly opened, short-term dredging) with the control site (low fishing effort) and heavily dredged (long-term, high fishing effort) areas (Tab. 1). A sampling grid was placed across each area that comprised 24 sampling points in a 6 Â 4 rectangular design at 50 m intervals. As it is difficult to predict fishing distribution in a newly opened area, a grid design was employed to capture dredging pressure in the BSA. Core samples from each of the three sites ( Fig. 2) were taken at high water from a local fishing vessel in June and November, 2015.
At each location a single core of 10 cm diameter and 30 cm depth was taken for faunal analysis using a hand-held suction corer. This is a standard-diameter corer for use in intertidal environments that was designed to sample deeper than the usual 15 cm depth corers in order to better sample larger and deeper burrowing fauna. In the laboratory, samples were sieved through a 0.5 mm sieve and all macrofauna retained were preserved in 5% formal buffered saline. Samples were then sorted, measured and identified to species level with the latest nomenclature according to the World Register of Marine Species (WoRMS, 2017: last accessed 7th November 2017).
Measuring fishing effort
Fishing intensity in each area was determined based on historic sightings data provided by the Southern Inshore Fisheries and Conservation Authority (SIFCA). Fishery officer observers recorded the presence of clam dredging and any other activity during the study period during weekly patrols (Tab. 1). At low tide (spring tide, LW 1325, Height 0.5 m) on 23rd November 2015, after the closure of the BSA to dredging on the 31st October, and with fishing continuing outside of the BSA boundary a DJI Phantom 3 Pro quad-copter Unmanned Aerial System (UAS) was flown over the study site to acquire vertical stereo aerial photographs (VSAP) of 3.5 cm resolution. This imagery was then used to map the level of sediment scarring in each area as a result of dredging. The aerial imagery was loaded into ArcMap 10.1 Geographic Information System (GIS) and image classification was undertaken to estimate the extent of dredge scarring in each management area as a measure of fishing intensity. Pixels were grouped into classes to represent scarred or unscarred sediment and the percentage of scarred sediment in each area was then calculated using the area of each pixel class.
Sediment analysis
A second core was taken from each sampling point in June and November, 2015 for sediment analysis. Each sample was homogenised across all sediment depths before a 10 g subsample was taken. Organic content was then measured by Loss on Ignition, placed in a muffle furnace at 450°C for 12 h. A Malvern Mastersizer 3000 (Malvern, 2017) laser particle size analyser was then used to quantify sediment particle size from the same subsample, from which cumulative volume curves were produced and the % volume of sand and silt calculated.
Statistical analysis
Data were analysed using the software PRIMER v6 (Anderson et al., 2008) and the vegan package within RStudio version 1.0.136. Univariate analysis of individual responses (i. e. sediment characteristics and species abundances) was carried out using two-factorial ANOVAs including site (i.e. treatment) and sampling time as fixed factors and an interaction term between the two. Any environmental effect of dredging in relation to the BACI sampling design (i.e. an indication of whether the magnitude of the temporal effect between sampling points differs between sites) was identified by significance of the interaction term. Where variances were heterogeneous ANOVA with White's adjustment for heteroscedasticity was used. In order to quantify the size of the effect, the Eta-squared value is reported, an effect size specifically used in ANOVA models that describes the amount of variation in the response variable attributable to a particular level of the predictor (Cohen, 1988) . For individual species and overall community abundances, Hedges' d was calculated to indicate the size of the effect (Cohen, 1988) . This value is a standardised measure of the difference between groups and is more informative than p-values alone, with a value of zero indicating no effect (Borenstein et al., 2009) .
Multivariate analysis was undertaken on a Bray-Curtis similarity matrix derived from log þ 1 transformed species abundance data using PRIMER 6 and the vegan package in RStudio (Clarke and Gorley, 2006) . This allows better assessment of changing dominance patterns rather than over-compensate the contribution of rarer species by using other coefficients or a simple presence/absence matrix (Clarke and Gorley, 2006) . In order to identify similarities between the macrofaunal assemblages at different sampling points and sites CLUSTER and SIMPER (similarity percentages) analyses were undertaken. A PERMDISP (Clarke and Gorley, 2006) routine within PRIMER v6 was utilised to characterise the amount of dispersion within the multivariate dataset between sampling times and sites, as a potential indicator of environmental stress (i.e. as a result of fishing disturbance) (Warwick and Clarke, 1993) . Permutational analysis of variance (PERMANOVA) was then undertaken with site and time included as fixed factors and an interaction term between the two, to identify differences in the overall community structure present between sampling sites and before or after the four month fishing period. By using permutations the PERMANOVA test is unaffected by correlation structures that may exist in the data (any correlation is destroyed through randomly shuffling samples) and is a powerful procedure in assessing changes in community structure in a variable environment (Anderson, 2001; Anderson et al., 2008; Anderson and Walsh, 2013) . PERMANOVA was performed on untransformed data once homogeneity of variance had been identified. Environmental covariates were also included in the PERMANOVA analysis to investigate their influence on the community assemblage.
Canonical Analysis of Principal Coordinates (CAP) was carried out on the Bray-Curtis similarity matrix. CAP is a constrained ordination procedure that identifies axes through a multivariate cloud of data points. A discriminant CAP was used in this study. This method of CAP identifies axes that best discriminate between a priori groups, known as canonical discriminant analysis. Discriminant canonical analysis therefore allows the investigation of an a priori hypothesis to identify and characterise differences between groups, such as those identified as significant through PERMANOVA which may not be clearly visualised through MDS, and is a useful ordination technique for species abundance data (Anderson and Willis, 2003) .
Values for the AMBI (AZTI Marine Biotic Index) (Borja et al., 2000) and BO2A (Benthic Opportunist Annelids Amphipods) (Dauvin and Ruellet, 2009 ) biotic indices were calculated for each site across the study period. These values provide an indication of overall habitat quality. AMBI was developed to quantify the ecological quality of European coasts, providing a classification of pollution or disturbance levels in a site (Borja et al., 2000) . BO2A represents the ratio between opportunistic species and sensitive species in estuarine environments (Dauvin and Ruellet, 2009 ) as a measure of benthic habitat quality used in ecological assessments. AMBI values were calculated using the BEQI2 package in the R software, and BO2A values were calculated as:
where f oa is the frequency of opportunistic annelids, Oligochaeta and Hirudinea within a sample, divided by the total abundance within the sample, and f sa is the frequency of amphipods, excluding opportunistic Jassa spp., divided by the total abundance in a sample (Dauvin et al., 2016) .
Results
Since no Vessel Monitoring System (VMS) or logbook data from this fishery exists, the fishing intensities at each site during the study period were quantified by fisheries patrol sightings data (provided by SIFCA) and by aerial imagery obtained from the drone survey across the site. Results indicate that the extent of dredging in the newly opened and historically dredged sites is similar, but slightly higher in the new site (Tab. 2). Sightings are notably higher in the heavily dredged site despite similar estimates for both sites, which may be due to the infrequency of SIFCA patrols. The scarring identified in the control site through this method is considered to be due to the 2015 stock assessment that was carried out over a single day in May, 2015 by SIFCA in the area which used a local pump-scoop fisherman to sample clams in the area, as no sightings were observed by patrol officers throughout the study period and discussions with local fishermen indicated that this area was not fished commercially during the study period.
Environmental factors
Particle size distribution curves for each site in June and November are presented in Figure 3 . Both organic content and volume of fine sediments decreased in all sites throughout the study period, with the largest reduction in each measure observed in the heavily dredged site (Tab. 3). Two-factorial ANOVAs show a significant main effect of site (F(2,138) = 109.01, p < 0.001) and of time (F (1,138) = 21.19, p < 0.001) on the proportion of fine sediments (% volume < 0.63 mm). Tukey post-hoc tests indicated that a significant reduction in proportion of fine sediment was only found at the heavily dredged site throughout the study period. In both June and November, fine sediment content at this site was significantly lower than that at both the control site and newly opened site, while no difference was present between the newly opened and control sites. The interaction term is non-significant (F(2,138) = 2.82, p = 0.06), with an eta-squared value of the interaction of 0.01, indicating a small effect of dredging on the fine sediment content throughout the study period.
A slight reduction in sediment organic content was observed in all sites although this was largest in the heavily dredged site (Tab. 3; Fig. 3 . A two-factorial ANOVA shows no significant effect of time (F(1,138) = 1.46, p = 0.23) on the organic content of sediment, but a significant main effect of site (F(2,138) = 63.84, p < 0.001). Tukey post-hoc testing indicates significantly less organic content at the heavily dredged site than both the newly dredged and control sites, which showed no difference. Results show no significant interaction term between the effect of site and time on organic content (F(2,138) = 0.51, p = 0.60), with an eta-squared value of <0.01, indicating only a very slight effect (Cohen, 1988) .
Biological assemblage
A total of 49 taxa (Supplementary Tab. S1) were identified in samples from June and November and the assemblages in the study area were similar to that found in the area during a previous, unrelated biotope survey across the whole harbour (Herbert et al., 2010 ). SIMPER analysis indicates that H. diversicolor, Tubificoides spp. and the bivalve A. tenuis dominate assemblages at all sites (Supplementary Tabs. S2-S4 (Online Resource 1)). Although H. diversicolor is the dominant species, abundance varied between treatments. The contribution of other species also differs between sites, with species within the order Actiniaria and the cirratulid A. marioni making the largest contribution to the similarity of samples across the heavily dredged site. Although species assemblages were similar across the newly opened and heavily dredged sites, species occurred in different abundances. Table S4 (Online Resource 1) indicates comparatively higher abundances of the polychaetes H. diversicolor and A. marioni at the heavily dredged site. In the nMDS plot derived from the Bray-Curtis similarity matrix clearer grouping of samples between sites taken in November, 2015 is apparent than in June (Fig. 4) . Two plots based on June and November data separately are presented in Supplementary Material (Fig. S2 ) for clarity. A test for homogeneity in the multivariate dispersions indicates no difference between groups (p = 0.90) and PERMANOVA was therefore considered appropriate and performed on untransformed data. Two-factorial PERMA-NOVA shows a significant main effect on the macrofaunal assemblage of both site and time (before and after fishing) (Tab. 4). Moreover a significant interaction between site and time indicates that the magnitude of the change in the overall assemblage throughout the study period varies between sites. The proportion of sandy sediment (>0.63 mm) has a significant influence on the community structure, although no effect of organic content is evident. Proportion of fine sediments was removed from this analysis due to significant co-linearity with sand content.
Pairwise comparison shows that macrofaunal community structure differed significantly between sites both before and after dredging (Tab. 5). The magnitude of this difference appears to have changed however throughout the fishing period, as demonstrated by the interaction term. The tstatistics, representing the ratio of between-to within-group variability, indicate an increase in this difference between the control site and both the newly and heavily dredged sites, with a difference in the t-statistic between June and November of 0.82 and 0.97 at the newly and heavily dredged sites, respectively. The difference between the two dredged sites decreased however, with a reduction in the t-statistic of 0.23 between June and November, consistent with the clearer grouping in November in Figure 4 (and Fig. S2) .
CAP was undertaken to characterise the distinctiveness of the differences identified through PERMANOVA more effectively than through MDS ordination, which indicated little notable grouping of samples (Anderson et al., 2008) . CAP ordination shows clearer grouping between samples from the middle, newly dredged site between June and November (Fig. 5) . Samples from this site from June are predominantly grouped together with control samples, while those from November show more variation. Overlaid species vectors indicate that samples from the heavily dredged site and to some extent the newly opened site obtained in November are characterised by higher abundances of polychaete and oligochaete worms, in particular capitellids, H. diversicolor, Tubificoides spp. and A. marioni. Samples from the control site however indicate a dominance of Peringia ulvae and A. tenuis. CAP results indicate that the optimal number of PCO axes required to explain the highest proportion of variance in the data is 4 (m = 4). This explains 63.9% of variation within the data, with 59.03% of samples correctly classified (i.e. classified into the correct group based on the data).
The overall structure of the benthic assemblage at the site newly opened to dredging appears therefore to have shifted further from resembling the control site towards conditions similar to those at the heavily dredged site during the study period. SIMPER analysis identified those species contributing most to the difference at each site between June and November 2015 (Supplementary Tabs. S5-S7). Most species demonstrate an increase in abundance between June and November, regardless of site. At the newly dredged site, notable increases of H. diversicolor and A. marioni are evident (Fig. 6) , and ANOVA showed significant interaction terms for both these species (Tab. 6). In comparison to the other sites, A. marioni was largely absent from the control site and showed a lesser increase at the heavily dredged site, while densities of H. diversicolor remained relatively stable at both the control and heavily dredged sites throughout the study period, although more than doubled in the site newly opened. These increases in H. diversicolor largely represent increases in smaller (<10 mm) individuals. Throughout the study period the proportion of this size class increased on average from 27-55% and from 11 to 58% of all H. diversicolor in samples from the newly and heavily dredged sites respectively. No such trend is evident at the control site where the relative proportions of each size group appeared stable (18% and 19% in June and November, respectively).
Densities of the spionid Streblospio shrubsolii also increased dramatically at the newly dredged site compared to the other sites. In contrast, densities of the molluscs A. tenuis and P. ulvae decreased at both the dredged sites, compared to increases at the control site. The reduction of A. tenuis was largest at the heavily dredged site (Fig. 6) , and a significant ANOVA interaction term was evident found for this species (Tab. 6). Densities of all species are generally much lower at the control site, which appear more stable throughout the study period than at the two dredged sites, at which the magnitude of the change is much larger.
The size of the effect (Hedges' d) in changes in abundance for each species at both the newly and heavily dredged sites shows a positive effect of fishing on the abundance of all species except A. tenuis and P. ulvae, with the largest change evident in the increase of H. diversicolor at the newly dredged site (Tab. 7).
Community descriptors and habitat quality
Diversity indices indicate a significant main effect of site (F(2,138) = 13.161, p < 0.001) on species richness across both months, with a significantly higher number of species occurring in samples from the dredged sites compared to the control site (Tab. 8). A significant main effect of month (F (1,138) = 14.99, p < 0.001) was also observed, although pairwise comparisons indicate that this increase was only significant in the site newly opened. The interaction term however was non-significant (F(2,138) = 1.30, p = 0.27).
Simpson indices, which provide a measure of dominance within assemblages, were similar across sites with only a slight but non-significant change apparent over the study period in the heavily dredged site (Tab. 8).
Results show a significant main effect of site (F (2,138) = 3.19, p < 0.05) and time (F(1,138) = 7.30, p < 0.01) on Shannon-Wiener indices, with an increasing trend apparent from the control site at the upper reaches of the creek to the outer, heavily dredged site (Tab. 8). A post-hoc Tukey test indicates that mean Shannon-Wiener values differ significantly between the site newly open to dredging in November and the control site in June. No significant interaction was observed (F (2,138) = 1.35, p = 0.26).
Two-factorial ANOVA shows a significant effect of both site (F(2,138) = 28.21, p < 0.001) and time (F(1,138) = 15.68, p < 0.001) on the total number of individuals found in samples (Fig. 7) . The interaction term of the model was non-significant (F(2,138) = 1.90, p = 0.15). Pairwise comparisons however indicate a significant increase in the total number of individuals at the newly dredged site, while no such difference was observed at the control or heavily dredged sites. Total number of individuals was significantly higher at the heavily dredged site than at the control site across the study period. By November the total abundance had increased at the site newly opened and was now similar to the heavily dredged site and significantly higher than at the control site. Biotic indices indicate site differences in both AMBI (F (2,138) = 11.94, p < 0.001) and BO2A (F(2,138) = 29.43, p < 0.001) values, although no significant effect of month or the interaction term. Despite significant site differences in the AMBI values, all sites are classed as "moderately disturbed" (Borja et al., 2000) . BO2A results indicate that at both sampling times the control site and the newly dredged site are of "good" quality, while the heavily dredged site is of "moderate" quality (Dauvin and Ruellet, 2009 ) (Tab. 8).
Discussion
This study assessed the impacts of a novel pump-scoop dredge for which data is currently lacking. In the strictest sense, the sampling design used in this study is not fully replicated, although while the BACI design lacks replication of treatments, with inherent issues of pseudoreplication and distinguishing site vs. treatment differences, it was the most appropriate option within an established and operational fishery with limited resources available for the study. A grid design was considered likely to best capture any fishing effort in the newly opened area, which is hard to predict. While other sampling designs may be more effective in reducing uncontrolled variability and distinguishing treatment differences over site differences (Cotter et al., 1997) , the BACI design allows for changes due to dredging to be identified while accounting for natural spatial and temporal variability. PERMANOVA results show site differences in the benthic community structure before the opening of the 2015 dredge season. No gradient in salinity exists across sites, and given the significant effect of sand content on community structure this is likely driven by the gradient in sediment type from the southerly reaches of the creek to the lower dredged areas where conditions are sandier.
Accurate data on fishing intensity of inshore vessels less than 12 m is hard to obtain due to a lack of VMS data and a fishermen's logbook program tailored to the fishery. While our data only provides estimates of fishing intensity derived from SIFCA patrols and image analysis, following discussions with fishery officers and fishermen, we are confident that it accurately represents the distribution and relative intensity of fishing in the study area. Results of the aerial imagery analysis show the newly opened site was subject to heavy dredging comparable to the site that has been historically dredged, and over the course of the first season, the community structure in the newly opened site shifted significantly from conditions that were initially similar to the control site to those comparable to the site under heavy fishing pressure. Results indicate that this change was characterised by an increase in the abundance of marine worms, particularly H. diversicolor and A. marioni, but a decrease in abundance of the bivalve A. tenuis, for which the interaction terms of the ANOVAs were all significant. Despite the significant change in community structure at the newly opened site, no change in the biotope or ecological quality of either of the dredged sites was identified. BO2A values however show the site subject to previous dredging is of poorer quality, indicating relatively higher abundances of opportunistic species within Polychaeta and Oligochaeta, such as those that increased most dramatically throughout the study period at the newly dredged site and demonstrated a significant interaction term.
Such opportunists colonise disturbed areas through rapid dispersal and high reproductive rates (Grassle and Sanders, 1973; Grassle, 1974; Diaz-Castañeda et al., 1993) , and may demonstrate large-scale spatial and temporal fluctuations in response to environmental changes (Grassle and Sanders, 1973; Grassle, 1974; Pearson and Rosenberg, 1978; Fauchald and Jumars, 1979; Bridges et al., 1994; Rossi and Lardicci, 2002; Dean, 2008) . The observed increases in these groups are consistent with past studies following environmental or physical disturbance (Thistle, 1981; Sardá and Martin, 1993; Hall and Harding, 1997; Lardicci et al., 1997;  Spencer et al., 1998; Chainho et al., 2006) . Cesar (2003) observed similarly large increase in abundances of tubificid oligochaetes and polychaetes A. marioni, Polydora coliata and Phyllodoce malcatula in the area around Round Island in the proximity of the study area ( Fig. 2) following six weeks of pump-scoop dredging, along with increases in H. diversicolor as observed in this study. Clearly, seasonal changes in species abundances are evident throughout the study period. In many species, spawning and recruitment occurs throughout the summer months and into autumn when peaks in abundance may be observed (George, 1964; Scaps, 2002; Rossi and Lardicci, 2002) , and the proportion of small (<10 mm) H. diversicolor in samples did increase in November 2015. Many of these recruits may be lost by the following spring however due to natural mortality throughout winter (Buchanan et al., 1978; Gray, 1981) . The BACI design allows for assessment of changes relative to such temporal variation however, and overall the biological changes observed were largest in the site newly subjected to dredging disturbance, the only site at which significant increases in species richness and total abundance were observed; not dissimilar to changes observed following the use of other dredge gears (Hall and Harding, 1997) . This perhaps indicates preferential settlement of H. diversicolor and A. marioni in this newly disturbed area following dredging, in the absence of larger individuals and adults that reduces competition for space and food (Caswell and Cohen, 1991) . H. diversicolor is a scavenger species and may therefore benefit in the short-term from dredging disturbance (Britton and Morton, 1994) . It has been suggested that benthic disturbance itself may actually stimulate reproduction in infaunal species (Barry, 1989) , allowing species to utilise newly available patches and resources previously exploited by the dominant species in an area (Thistle, 1981; Pickett and White, 1985) .
Physical disturbance is generally considered to reduce habitat heterogeneity and three-dimensional complexity (Auster et al., 1996; Thrush et al., 1998) , although results are complicated by the different scales at which impacts occur. Locally, in low-energy, soft sediment environments such as the study area where high amounts of organic content and fine sediment occur, intermediate physical disturbance may increase habitat heterogeneity (Levin and Whitfield, 1994) , promoting sediment oxygenation and turnover and perhaps facilitating juvenile settlement and an influx of species. Physiological stress due to a shallow redox layer may inhibit organisms' ability to occupy such sediments, perhaps evident in the lower levels of diversity and species abundances seen towards the more sheltered reaches of the study area in the control site, where higher levels of organic content and anoxic sediment were observed. McIlquham (unpubl.) postulated that this may be the reason for an observed increased diversity in some areas of Poole Harbour subjected to heavy pump-scoop dredging for clams and cockles.
Body size plays an important role in defining and detecting the magnitude of a species response to disturbance (Sanders et al., 2007) , and the observed changes are largely in smallbodied fauna that respond rapidly to environmental fluctuations (Levin and Paine, 1974; Pearson and Rosenberg, 1978; Bridges et al., 1994; Rossi and Lardicci, 2002; Dean, 2008) . While core sampling may under-sample larger species that are likely to be most affected by bottom-fishing (Lindeboom and de Groot, 1998; Bergman and van Santbrink, 2000) , including the target species of the fishery, it is known that larger and longer-lived species, particularly worms are currently rare in Poole Harbour (Herbert et al., 2010) . Furthermore, the shallow depth at which the pump-scoop dredge penetrates the sediment means that larger and deeper-burrowing species may be less likely to be affected by fishing.
Those species demonstrating a decline throughout the study (A. tenuis and P. ulvae) are small and relatively fragile molluscs that may suffer mortality from interaction with fishing gear and were the only species to demonstrate a reduction in abundance relative to the control site. A complete absence of epifaunal mollusc species and a significant reduction in the abundance of A. tenuis following mechanical dredging have been reported from nearby Langstone Harbour on the south coast of England (Southern Science, 1998) . Bivalve molluscs such as A. tenuis comprise key prey items for molluscivorous shorebirds (Goss-Custard et al., 2006) and managers must consider implications on the SPA and BSA designations in Poole, although monitoring may be necessary to investigate long-term impacts and recovery.
No impact on the organic content was observed throughout the study period, although fine sediments were significantly reduced at the heavily dredged site. Bottomtowed fishing gear can result in a significant sediment plume (Ferré et al., 2008; O'Neill and Summerbell, 2011; Bradshaw et al., 2012; Palanques et al., 2014; Martín et al., 2015) , which can contribute to the loss of organic content and finer sediment (Mayer et al., 1991; Schwinghamer et al., 1998) . Both organic content and the volume of fine sediments were lower in the heavily dredged site, perhaps reflecting the higher intensity of fishing or a more dynamic environment where coarser sediments dominate. It is uncertain whether dredging caused the observed loss of fine sediments, and past studies have found no effect of pump-scoop dredging on sediment composition in Poole (McIlquham, unpubl.) . Longterm or chronic fishing can nonetheless cause permanent shifts in habitat characteristics and community structure (Pauly, 1995; Handley et al., 2014) , with implications for settlement and recruitment patterns (Wilson, 1990; Pinedo et al., 2000; Sebesvari et al., 2006) . No significant change in sediment composition was evident at the site where settlement appeared the greatest however.
As mentioned, despite the changes identified no largescale shift in the overall biotope at the study sites has occurred between sampling events (Herbert et al., 2010) and there has been no change in habitat quality. Most species present are small-bodied and likely to pass through the dredge unharmed, and demonstrate natural fluctuations in abundance throughout the year (Grassle, 1974; Pearson and Rosenberg, 1978; Bridges et al., 1994; Rossi and Lardicci, 2002; Dean, 2008) . Assessments carried out by fisheries and environmental managers often monitor and assess the condition of marine ecosystems and habitats in relation to high-level targets and indicators in response to anthropogenic pressures, and are subsequently more concerned with shifts in habitat or biotope type larger than those observed. Under the European Marine Strategy Framework Directive (MSFD) environmental managers work towards maintaining favourable conservation status and achieving "Good Environmental Status". Given that fisheries managers are increasingly attempting ecological risk management processes to fishing activities (Gibbs and Browman, 2015) , the observed short-term changes may be of low concern to regulators and managers. Regular and longterm disturbance of this kind however may cause a permanent regime shift in community structure (Kraberg et al., 2011) and more chronic reduction in abundances of bivalve molluscs (Piersma et al., 2001 ), of which a number of species are present across the three sites.
It is recognised that recovery trends following fishing disturbance are an important consideration, which can vary according to the scale and intensity of the disturbance (Collie et al., 2000; Kaiser et al., 2006) . Sampling following fishing disturbance was only undertaken once and due to the length of the season it is difficult to be certain when the last fishing disturbance took place within the study area. Clearly, changes have occurred in the BSA that coincide with its opening to short-term dredging, although evidence of the longevity and persistence of these changes is lacking, demonstrating the importance of continuous monitoring to inform adaptive management.
The Manila clam is spreading to other estuaries along the south coast of England and throughout Europe (Herbert et al., 2012; Humphreys et al., 2015; Chiesa et al., 2017) which is likely to tempt fisherman to exploit populations with these or other novel gears. Fisheries managers must be vigilant with regards to the development of novel gears, particularly when incentivised by the introduction of commercially harvestable non-native species. Adaptive management should also evaluate monitoring methods to determine impacts within these environmentally sensitive habitats.
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